JUL 1 1 2ons 

i 

>4 J^^^^(^nomey Docket No. 505 1 -574CT PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re: Martin et al. Confirmation No.: 3963 

Serial No.: 10/802,644 Art Unit: 1644 

Filed: March 1 7, 2004 Examiner: Haddad 

For: Blocking Peptide for Inflammatory Cell Secretion 

Date: July 11,2006 



Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Attachment D 

Takashi et al. (2006) "A peptide against the N-terminus of myristoylated alanine-rich C 
kinase substrate inhibits degranulation of human leukocytes in vitro. Am. J. Respir. Cell. 

Mol. Biol. 34:647-652. 



Rapid Communication 

A Peptide Against the N-Terminus of Myristoyiated 
Aianine-Rich C Kinase Substrate inhibits 
Degranuiation of Human Leulcocytes In Vitro 

Shuji Takashi, Joungjoa Park, Shijing Fang, Sekiya Koyama, Indu Parikh, and Kenneth B. Adier 

The National Chuushin Matsumoto Hospital, Matsumoto, japan; Department of Molecular Biomedical Sciences, College of Veterinary Medicine, 
North Carolina State University; and BioMarck Pharmaceuticals, Raleigh, North Carolina 



Leukocytes synthesize a variety of inflammatory mediators that are 
packaged and stored in the cytoplasm within membrane-bound 
granules. Upon stimulation, the cells secrete the granule contents 
via an exocytotic process whereby the granules translocate to the 
cell periphery, the granule membranes fuse with the plasma mem- 
brane, and the granule contents are released extracellularly. We 
have reported previously that another exocytotic process, release 
of mucin by secretory cells of the airway epithelium, is regulated 
by the myristoyiated aianine-rlch C kinase substrate (MARCKS) 
(LI Y, Martin LD, Spizz C, AdIer KB. MARCKS protein is a key mole- 
cule regulating mucin secretion by human airway epithelial cells 
in vitro. / Biol Chem 2001;276:40982-40990; Singer M, Martin LD, 
Vargaftig BE, Park J, Gruber AD, Li Y, Adier KB. A MARCKS-related 
peptide blocks mucus hypersecretion in a mouse model of asthma. 
/Vof Med 2004; 10: 193-1 96). In those studies, mucin secretion in vitro 
and in vivo was attenuated by a synthetic peptide identical to the 
N-terminus of MARCKS, named the MANS peptide (Li and col- 
leagues, 2001). In this study, we used the MANS peptide to investi- 
gate possible involvement of MARCKS in secretion of leukocyte 
granule proteins. In neutrophils isolated from human blood, phor- 
bol 12-myristate 13-acetate-induced myeloperoxidase release was 
attenuated in a concentration-dependent manner by MANS but not 
by equal concentrations of a missense control peptide. In additional 
studies using human leukocyte cell lines, secretion of eosinophil 
peroxidase from the eosinophil-like cell line HL-60 clone 15, lyso- 
zyme from the monocytic leukemia cell line U937, and granzyme 
from the lymphocyte natural killer cell line NK-92 were attenuated 
by preincubation of the cells with MANS but not with the missense 
control peptide. The results indicate that MARCKS protein may play 
an important role in the secretion of membrane-bound granules 
from different leukocytes. MARCKS may be an important compo- 
nent of secretory pathways associated with release of granules by 
different cell types. 
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Leukocytes synthesize a number of inflammatory mediators that 
are packaged and stored in cytoplasmic membrane-bound gran- 
ules. These mediators include myeloperoxidase (MPO) in neu- 
trophils (1), eosinophil peroxidase (EPO) and major basic pro- 
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tein in eosinophils (2), lysozyme in monocytes/macrophages 
(3, 4), and granzyme in natural killer (NK) cells and cytotoxic 
lymphocytes (5-8). These mediators are released at sites of injury 
and contribute to inflammation and repair in the lung and else- 
where. Leukocytes release these granules via an exocytotic 
mechanism (9, 10), but the regulatory molecules and specific 
pathways involved in the exocytotic process have not been fully 
described. 

Several exogenous stimuli can provoke degranuiation of 
leukocytes via a pathway that involves activation of protein 
kinase C (PKC) and subsequent phosphorylation events (9-13). 
MARCKS (myristoyiated alanine-rich C kinase substrate), a 
ubiquitous phosphorylation target of PKC, is highly expressed 
in leukocytes (14-16). We have previously demonstrated that 
MARCKS protein is involved in exocytotic secretion of mucin 
by goblet cells that line the respiratory airways (17, 1 8). In airway 
epithelial cells, the N-terminus of MARCKS seems to be integral 
to the secretory process. The mechanism seems to involve the 
binding of MARCKS to membranes of intracellular mucin gran- 
ules because a peptide against the N-terminus of MARCKS 
blocked mucin secretion and binding of MARCKS to mucin 
granule membranes in these cells (18). Because MARCKS is a 
prominent protein in leukocytes, we investigated whether or not 
MARCKS, and specifically its N-terminus, could play a role in 
leukocyte degranuiation. 

In these studies, we used four different leukocyte types or 
models that secrete specific granule contents in response to phor- 
bol ester-induced activation of PKC. First, neutrophils were 
isolated from human blood, and the in vitro release of MPO by 
these cells was assessed. Due to difficulties in isolating sufficient 
amounts of other leukocyte types from blood, we investigated 
the release of membrane-bound inflammatory mediators from 
commercially available human leukocyte cell lines. The human 
promyelocytic cell line HL-60 clone 15 was used to assess secre- 
tion of EPO (19-22), the monocytic leukemia cell line U937 was 
used to assess secretion of lysozyme (3, 4, 23), and the lympho- 
cyte NK cell line NK-92 was used to assess the release of gran- 
zyme (6-8). In all cases, the cells were preincubated with a range 
of concentrations of a synthetic peptide identical to the 24- 
amino-acid MARCKS N-terminus (myristoyiated N-terminal se- 
quence peptide [MANS]), or a missense control peptide (random 
N-terminal sequence peptide [RNS]), which consists of the same 
24 amino acids arranged in random order. In each of the cell 
types, we found that MANS, but not RNS, attenuated the release 
of inflammatory mediators in a concentration-dependent man- 
ner over 0.5-3.0 h. The results suggest that MARCKS protein — 
specifically its N-terminal region — could be involved in intracel- 
lular pathways leading to leukocyte degranuiation. 
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MATERIALS AND METHODS 
Peptides 

The MANS and RNS peptides were synthesized by Genemed Synthesis, 
Inc. (San Francisco, OA). The MANS peptide consists of a sequence 
identicaJ to the first 24 amino acids of MARCKS; MA-GAQFSK 
TAAKGEAAAERPGEAAVA (where MA = N-terminal myristate 
chain). The RNS peptide contains the same amino acid composition 
as MANS but arranged in random order: MA-GTAPAAEGAGAEV 
KRASAEAKQAF. The peptides have been described previously (17). 

Human Neutrophil Isolation 

These studies were approved by the NCSU human studies Institutional 
Review Board. Human neutrophils were isolated as previously de- 
scribed (24) with slight modifications. Briefly, heparinized venous blood 
was obtained from normal healthy volunteers, diluted with RPMI-1640 
(Cellgro; Mediatech, Inc., Herndon, VA) at a ratio of 1:1, layered onto 
a Histopaquc (density, 1.077 g/ml) (Slgma-Aldrich Co., St. Louis, MO), 
and centrifuged at 400 X ^ for 20 min at 4°C. The supernatant and 
mononuclear cells at the interface were carefully removed, and erythro- 
cytes in the sediment were lysed in chilled distilled water. Isolated 
granulocytes were washed twice with Hanks* balanced salts solution 
(HBSS) and resuspended in HESS on ice. The neutrophils used for 
the experiments were of > 98% purity with < 2% contamination by 
eosinophils, and the viability was > 99% as determined by Trypan blue 
dye exclusion. 

Measurement of Released Neutrophil MPO Activity 

For measurement of MPO release, purified human neutrophils sus- 
pended in HBSS were aliquoted at 4 X 10^ cells/ml in 15-ml tubes and 
preincubated with 50 or 100 ^.M of MANS or RNS peptide for 10 min 
at 3TC. The cells were stimulated with 100 nM phorbol 12-myristate 
13-acetate (PMA) for up to 3 h. The reaction was terminated by placing 
the tubes on ice and centrifugation at 400 x g for 5 min at 4°C. 

MPO activity in the cell supernatant was assayed using tetrameth- 
ylbenzidine (TMB) based on a previously established technique (25). 
Briefly, 100 p.1 of TMB substrate solution was added to 50 ^.1 of cell 
supematants or standard human MPO (HMD Biosciences Inc., San 
Diego, CA) in a 96-well microplate followed by incubation at room 
temperature for 15 min. The reaction was terminated by the addition 
of 50 ]x\ of IM H2SO4, and absorbance was read at 450 nm in a spectro- 
photometric microplate reader (VERSA max; Molecular Devices, 
Simnyvale, CA). 

Leukocyte Culture 

Three types of human leukocyte cell lines (the promyelocytic cell line 
HL-60 clone 15, the monocytic cell line U937, and the lymphocyte 
natural killer cell line NK-92) were purchased from American Type 
Culture Collection (ATCC, Rockville, MD). HL-60 clone 15 cells 
(ATCC CR1^1964) were maintained in medium consisting of RPMI 
1640 with L-glutamine supplemented with 10% heat-inactivated FBS 
(Gibco; Invitrogen Co., Carlsbad, CA), 50 lU/ml penicillin, 50 p-g/ml 
streptomycin, and 25 mM HEPES buffer (pH 7.8) at 37X in an atmo- 
sphere containing 5% CO2. Final differentiation to an eosinophil-like 
phenotype was initiated by culturing cells at 5 x 10^ cells/ml in the 
same medium containing 0.5 mM butyric acid (Sigma-Aldrich) for 5 d 
as previously described (21, 26). U937 cells (ATCC CRL-1593.2) were 
grown at 37'*C in an atmosphere of 5% CO2 in complete medium 
consisting of RPMI 1640 with L-glutamine supplemented with 10% 
FBS, 50 lU/ml penicillin, and 50 tig/ml streptomycin. NK-92 cells 
(ATCC CRL-2407) were maintained in a-MEM medium (Sigma- 
Aldrich Co.) supplemented with 20% FBS, 100 U/ml of IL-2 (Chemicon 
International, Inc., Temecula, CA), 5 x 10"^ M of 2-mercaptoethanol, 
50 lU/ml penicillin, and 50 jig/ml streptomycin at 37**C in an atmosphere 
containing 5% CO2. Cell morphology was judged by assessment of 
Wright-Giemsa-stained cells. Viability of cells harvested for experi- 
ments was assessed by trypan blue exclusion, and populations of cells 
with viability > 95% were used. 

Incubation of Cells for Degranulation Assays 

HL-60 clone 15, U937, and NK-92 cells were washed and resuspended 
at 2.5 X 10^ cells/ml in phenol red-free RPMI-1640 (Cellgro; Mediatech, 



Inc.) for all degranulation assays. Aliquots of cells in 15-ml tubes were 
preincubated with indicated concentrations of MANS or RNS peptide 
for U) min at 3TC. The cells were stimulated with PMA for up to 2 h. 
The reaction was terminated by placing tubes on ice and centrifuging 
cells at 400 X ^ for 5 min at 4'*C. 

For measurements of released MPO from neutrophils and released 
lysozyme from U937 cells, we were able to quantify secretion by using 
as standards human MPO and egg white ovalbumin, respectively. How- 
ever, for released EPO from HL-60 clone 15 cells and released granzyme 
from NK-92 cells, there were no available standards to use for quantifi- 
cation. Hence, we measured released and intracellular (from lysed cells) 
levels of EPO and granzyme and expressed the released EPO and 
granzyme as a percentage of total (intracellular and released) for each. 
To measure intracellular EPO in HL-60 clone 15 cells and intracellular 
granzyme in NK-92 cells, appropriate aliquots of 0,1% triton X-IOO- 
lysed cells were taken for quantification of intracellular granule proteins 
(see below). All treatments are expressed as percentage of control to 
minimize variability between cultures. 

Measurement of HI-60 EPO Release 

EPO activity released by HL-60 clone 15 cells was assayed using TMB 
according to a previously established technique (27). Briefly, 100 p-1 of 
TMB substrate solution was added to 50 p-l of sample in a 96-well 
microplate and incubated at room temperature for 15 min. The reaction 
was terminated by addition of 50 m-1 of l.OM H2SO4, and absorbance 
was read at 450 nm in a spectrophotometric microplate reader. The 
amount of secreted EPO was expressed as percentage of total content, 
using the amount obtained in the same number of triton X-10O-lysed 
cells. 

Measurement of Monocyte Lysozyme Secretion 

Lysozyme secreted by U937 cells was measured using a spectrophoto- 
metric assay as described previously (4) with slight modification. Briefly, 
100 p,l of sample was mixed with 100 (jlI of a Micrococcus lysodeikticits 
(Sigma-Aldrich Co.) suspension (0.3 mg/ml in 0.1 M sodium phosphate 
buffer, pH 7.0) in a 96-well microplate. The decrease in absorbance at 
450 nm was measured at room temperature. A calibration curve was 
constructed using chicken egg white lysozyme (EMD Biosciences) as 
a standard. 

Measurement of NK Ceil Granzyme Secretion 

Granzyme secreted from NK-92 cells was assayed by measuring hydro- 
lysis of Na-benzyloxycarbonyl-L-lysine thiobenzyl ester (BLT) essen- 
tially as described previously (8). Fifty microliters of supernatant was 
transferred to a 96-well plate, and 150 |xl of BLT solution (0.2 mM 
BLT; EMD Biosciences, Inc., and 0.22 mM DTNB: Sigma-Aldrich Co.) 
in PBS (pH 7.2) was added to the supernatant. Absorbance at 410 nm 
was read after incubation for 30 min at room temperature. Results 
were expressed as percentage of total cellular enzyme content, using 
the amount obtained in the same number of triton X-lOO-lysed cells. 

Statistical Analysis 

Statistical significance of the differences between various treatment 
groups was assessed with one-way ANOVA. P values of < 0.05 were 
taken as significant. 

RESULTS 

Neutrophil MPO Release 

As shown in Figure 1, 100 nM PMA increased human neutrophil 
MPO release by approximately 3-fold at 30 min, increasing 
to 5- to 6-fold after 3 h. The MANS peptide had no effect at 
30 min, but by 1 h the higher concentration of MANS (100 \xM) 
had a significant inhibitory effect. By 2 h and persisting at 3 h, 
the MANS peptide significantly attenuated MPO activity in a 
concentration-dependent manner. The RNS peptide did not af- 
fect PMA-induced MPO release at any of the time points or 
concentrations tested. 
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Figure 1. MPO release by human neu- 
trophils. Human neutrophils were prein- 
cubated with the indicated peptide for 
1 0 min and exposed to PMA (1 00 nM) + 
peptide for {A) 30 min, (B) 1 h, (C) 
2 h, and (D) 3 h. MPO activity in the 
supernatant was assayed using TMB 
substrate solution. The results are 
shown as mean ± SE (n = 5 at each 
point). "Significantly different from me- 
dium control (P < 0.01). *Significantly 
different from PMA stimulation (P < 
0.05). **Significantly different from 
PMA stimulation (P < 0.01 ). Results are 
presented as percentage of control. The 
actual amounts of control MPO were 
(A) 30 min: 147.1 ± 58.2 mU/ml; (8) 
1 h: 154.6 ± 52.0 mU/ml; (C) 2 h: 
170.8 ± 59.4 mU/ml; and (D) 3 h: 
184.3 ± 48.1 mU/ml. 



RNS(»iM) MANS()iM) RNS(pM) MANSbiM) 



PMA (100 nM) PMA (100 nM) 



HL-60 EPO Release 

EPO activity in the supernatant of HLr60 clone 15 cells was signifi- 
cantly enhanced at 1 and 2 h after PMA stimulation (Figure 2). 
At 1 and 2 h, MANS at 50 or 100 yM significantly attenuated 
EPO release. The RNS peptide did not affect PMA-enhanced 
EPO release at any of the time points or concentrations tested. 

U937 Lysozyme Release 

Lysozyme secretion by U937 cells was increased by PMA stimu- 
lation by 1 h after incubation and increased at 2 h (Figure 3). 
Lysozyme secretion was significantly attenuated at 1 and 2 h 
post-stimulation by 100 \]M but not 50 or 10 |llM of MANS. The 
RNS peptide did not affect PMA-enhanced lysozyme secretion 
at any of the time points or concentrations tested. 

NK Cell Granzyme Release 

Granzyme secretion by NK-92 cells was not significantly increased 
by PMA at 1 h but increased over 2-fold at 2 h (Figure 4). At 
1 and 2 h after incubation, 100 m-M but not 10 p.M of MANS 
attenuated granzyme secretion. The RNS peptide did not affect 
PMA-enhanced granzyme secretion at any of the time points or 
concentrations tested. 

Cytotoxicity 

None of the treatments generated a toxic response in the cells, 
as assessed by LDH retention/release (data not shown) (28). 

DISCUSSION 

In the studies reported here, degranulation of isolated human 
neutrophils and cell lines representative of human eosinophils, 
monocytes/macrophages, and lymphocytes in response to PKC 



activation was attenuated by pre- and coincubation with a pep- 
tide identical to the N-terminal region of MARCKS protein, 
whereas a missense peptide had no effect. Although the time 
courses and concentrations varied somewhat among the cell 
types, in all cases the MANS peptide attenuated PKC-induced 
degranulation. This is similar to the inhibitory effect of similar 
concentrations of MANS on secretion of mucin by airway epithe- 
lial cells in vitro (17) and in vivo (18). 

We used four different types of leukocytes to investigate a 
role for MARCKS protein in release of inflammatory mediators. 
Neutrophils isolated directly from human volunteers were used 
for the initial studies. In neutrophils, inflammatory mediators are 
stored in primary (azurophil), secondary (specific), and tertiary 
(gelatinase) granules and in secretory vesicles. Primary granules 
contain MPO, lysozyme, elastase, and proteinase 3 (16). Al- 
though mechanisms regulating exocytotic secretion of these 
granules are only partially understood, several key molecules in 
the process have been identified, including intracellular Ca^^ 
transients (29, 30), G proteins, tyrosine and protein kinases 
(especially PKC) (11-13), Rac2 (25, 31), and various SNAPs 
(soluble NSF [N-ethylmaleimide-sensitive factor] attachment 
protein), SNAREs (SNAP receptors), and VAMPs (vesicle- 
associated membrance proteins) (32, 33). 

Eosinophils contain crystalloid granules that contain major 
basic protein, eosinophil cationic protein, EPO, and eosinophil- 
derived neurotoxin (2). In this study, the human promyelocytic 
cell line HL-60 clone 15 was used to examine secretion of EPO. 
This cell line was established from a clone of HL-60 that had 
been grown at an elevated pH for 2 mo (19) and treated with 
butyric acid to allow the cells to differentiate so as to exhibit 
many of the characteristics of peripheral blood eosinophils, 
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Figure 2. EPO release by HL-60 clone 1 5 cells. Cells were prelncubated 
with the indicated peptide for 1 0 min and exposed to PMA (1 00 nM) + 
peptide for (/\) 1 h and (B) 2 h. EPO activity in the supernatant was 
assayed using TMB substrate solution. The results are shown as mean ± 
SE (n = 5 at each point). *Significantly different from medium control 
(P < 0.01). *Significantly different from PMA stimulation (P < 0.05). 
**Significantly different from PMA stimulation (P < 0.01). Results are 
presented as percentage of control. The actual amounts of control EPO 
were (A) 1 h: 6.9 ± 0.3% of total EPO and (B) 2 h: 7.5 ± 0.6% of total 
EPO. 
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Figure 3. Lysozyme secretion by U937 cells. Cells were preincubated 
with the indicated peptide for 10 min and exposed to PMA (100 nM) + 
peptide for (A) 1 h and (8) 2 h. Lysozyme secretion was assayed by 
measuring the reaction of lysozyme with Micrococcus tysodeikticus sus- 
pension. The results are shown as mean ± SE (n - 5 at each point). 
•Significantly different from medium control (P < 0.01). *Significantly 
different from PMA stimulation (P< 0.05). **Significantly different from 
PMA stimulation (P < 0.01). Results are presented as percentage of 
control. The actual amounts of control lysozyme were (A) 1 h: 256.1 ± 
36.8 ng/ml and (B) 2 h: 348.9 ± 47.6 ng/ml. 



including expression of eosinophil-specific granule proteins 
(20-22). 

Granule-bound enzymes of monocytes/macrophages include 
lysozyme, acid phosphatase, and p -glucuronidase. We examined 
lysozyme secretion from U937 cells, which is a cell line derived 
from a human histiocytic lymphoma and widely used as a mono- 
cytic cell line that can be activated by a variety of agonists, such 
as PMA (3, 4, 23). 

NK cells and cytotoxic lymphocytes contain potent cytotoxic 
granules including perforin, which is a pore-forming protein, and 
granzymes, which are lymphocyte-specific serine proteases. The 
NK-92 cell line is an IL-2-dependent human line established 
from a patient with rapidly progressive non-Hodgkin's lym- 
phoma (6). NK-92 cells express high levels of molecules involved 
in the perforin-granzyme cytolytic pathway that targets a wide 
range of malignant cells (6, 7). 

A potential role for MARCKS in the degranulation pathway 
in these cells was investigated for two reasons. First, we have 
shown previously that exocytotic release of another product 
stored in cytoplasmic membrane-bound granules, mucin in air- 
way secretory cells, is regulated by MARCKS protein (17, 18), 
so the possibility of a similar mechanism controlling release of 



leukocyte granules was explored. Second, it has been shown that 
neutrophils and macrophages, upon priming by such proin- 
flammatory agents as TNF-a, dramatically increase their synthe- 
sis of MARCKS protein: As much as 90% of the new protein 
formed by neutrophils in response to TNF-a or lipopolysaccha- 
ride is MARCKS (34). This suggests that MARCKS could have 
an important role in the release of inflammatory mediators when 
these cells are stimulated by agonists, especially those that work 
by activating PKC (9-13). 

MARCKS, a protein of ~ 82 kD, has three evolutionarily 
conserved regions (14-16, 35): the N-terminus, the phosphoryla- 
tion site domain, and the multiple homology 2 domain. The 
N-terminus, a 24-araino-acid stretch with a myristic acid moiety 
attached to a terminal glycine residue, is involved in the binding 
of MARCKS to membranes (35) and possibly to calmodulin 
(36). In previous studies, we have shown that the MANS peptide, 
which is identical to the N-terminus of MARCKS and therefore 
might compete with native MARCKS in cells for membrane 
binding, inhibited the release of mucin from human airway 
epithelial cells in vitro (17) and from airways of mice with allergic 
inflammation (1.8). This implicates the N-terminus in the 
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Figure 4, Cranzyme secretion by NK92 cells. Cells were preincubated 
with the indicated peptide for 1 0 min and exposed to PMA (1 00 nM) -H 
peptide for (A) ^ U and (S) 2 h. Cranzyme secretion was assayed by 
measuring hydrolysis of BLT. The results are shown as mean ± SE (n = 
5 at each point). 'Significantly different from medium control (P < 
0.01). *Significantly different from PMA stimulation (P < 0.05). Results 
are presented as percentage of control. The actual amounts of control 
granzyme were (>^) 1 h: 1 3.5 ± 1 .4% of total granzyme and (8) 2 h: 
14.9 ± 1.6% of total granzyme. 



secretory response and, indeed, we have shown that MARCKS 
binds to membranes of mucin granules within airway epithelium, 
and that preincubation of cells with the MANS peptide inhibits 
this binding (18). Although these findings present a different 
paradigm for the mechanism of secretion, they do not preclude a 
potential action of MARCKS in binding to cytoskeletal elements 
around the cell periphery to regulate granule release, as has 
been suggested in other cell types (37, 38). 

Involvement of MARCKS protein in release of inflammatory 
mediators by infiltrating leukocytes is relevant to inflammation 
in all tissues and organs. Although this includes lung diseases 
characterized by airway inflammation (e.g., asthma, chronic 
obstructive pulmonary disease, and cystic fibrosis) and a 
MARCKS-related mechanism might be similar for mucus secre- 
tion and leukocyte degranulation, inflammation and mucus se- 
cretion in the airways are two separate and independent pro- 
cesses. Mucus production and secretion can be provoked by a 
number of factors, including mediators released by inflammatory 
cells, but there is no known direct link by which excess mucus 
can cause inflammation. 

In summary, the results of this study suggest that MARCKS 
(and presumably its N-terminal region) plays a role in leukocyte 
degranulation. These findings, combined with our previous ob- 



servations in airway epithelial cells, suggest that there may exist a 
common pathway involving MARCKS that regulates exocytotic 
secretion in different cell types. Given the complexity of the 
pathway that has been proposed previously for MARCKS- 
related secretion (17), it is unlikely that such a highly evolved 
multi-step pathway would be limited to a single cell type. Further 
studies should be performed to elucidate the mechanism(s) in- 
volved in leukocyte granule secretion and the exact role of 
MARCKS in this process. The results of this study suggest the 
possibility of new therapeutic targets for anti-inflammatory 
therapy. 
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